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TRENCH BURIED BIT LINE MEMORY DEVICES AND METHODS THEREOF 

CROSS REFERENCE TO RELATED APPLICATIONS 
This application is a division of U.S. Patent Application Serial No. 10/295,106 filed 
5 November 15,2002. 

BACKGROUND OF THE INVENTION 
The present invention relates in general to memory devices and in particular to memory 
devices having conductive lines buried in isolation regions. 

10 

Dynamic random access memory (DRAM) memory has enjoyed popular success over 
other types of memory technology because of its low cost and simple memory cell layout, which 
promotes scalability. A DRAM memory cell is capable of storing one bit of information and is 
constructed using only one memory cell transistor and one memory cell capacitor. As such, this 
15 memory cell is often referred to as a one-transistor one-capacitor (1T1C) cell. In a typical 
memory device, collections of 1 TIC memory cells are grouped together by bit lines and word 
lines forming a memory array. 

The industry is continually striving to produce DRAM memory devices that provide 
20 increased storage capacity, yet provide comparable to improved operational performance. 
Increase in circuit density is often the result of an ability to manufacture a given device in a 
smaller physical space than previously possible, allowing an increase in packing density. 
However, device density in DRAM memory\is limited by both the resolution capability of 
available photolithographic equipment (feature size) and the area consumed by each memory cell 
25 in a given memory array. 

One known DRAM memory device stacks storage capacitors above memory cells. For 

example, memory cells are fabricated by forming word line gate stacks over a semiconductor 

substrate. Bit lines are subsequently fabricated by forming a metal line in a passivating 

insulating layer over the semiconductor substrate. A bit line is electrically coupled to an 

30 associated memory cell by forming a via that passes through one or more layers of the memory 
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device to a bit line contact on the semiconductor substrate. Capacitor structures are also formed 
over the semiconductor substrate and are electrically coupled an associated memory cell by 
forming a via through one or more semiconductor layers. As such, for each memory cell, one via 
is required to connect the bit line to the memory cell and a second via is required to connect the 
5 capacitor structure to the memory cell. Under such an arrangement, the capacitor is typically 
stacked over the bit line. However, this requires a relatively deep via having contact openings 
that are difficult to form and hard to fill. For example, poor step coverage and adhesion may 
occur resulting in poor electrical performance and increased contact resistance. Accordingly, 
there is a continuing need for improved memory. 

10 The amount of charge that a storage capacitor can store is generally related to the amount 

of storage node surface area. As DRAM dimensions grow smaller, there is an ever-increasing 
need to maintain storage capacitance values despite more tightly packed circuits. However, the 
minimum realizable area of the vias required to connect the bit line and capacitor to the memory 
cell is limited by the minimum realizable feature size. Accordingly, for a given area, space that 

15 would otherwise be available for capacitor structures is required to provide the bit line and bit 
line contacts. As packing density in DRAM structures increases, the via size thus serves to limit 
the area available for capacitor structures. Accordingly, there is a continuing need for improved 
or alternative memory device structures. 

SUMMARY OF THE INVENTION 

20 The present invention overcomes the disadvantages of previously known semiconductor 

devices by providing a memory device with a trench buried bit line. 

According to one embodiment of the present invention, a memory device such as a 6F 2 
memory device includes isolation trenches that are formed generally parallel to and along 
25 associated strips of active area. A conductive bit line is recessed within each isolation trench 
such that the uppermost surface of the bit line is recessed below the uppermost surface of the 
base substrate. A bit line contact strap electrically couples the bit line to the active area both 
along a vertical dimension of the bit line strap and along a horizontal dimension across the 
uppermost surface of the base substrate. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
The following detailed description of the preferred embodiments of the present invention 
can be best understood when read in conjunction with the following drawings, where like 
5 structure is indicated with like reference numerals and in which: 



Fig. 1 is a schematic top view of a portion of a memory device with a trench bit line 
according to one embodiment of the present invention; 

Fig. 2 A is a diagrammatic section view of the memory device according to Fig. 1 taken 
10 along line A-A according to one embodiment of the present invention; 

Fig. 2B is a diagrammatic section view of the memory device according to Fig. 1 taken 
along line A-A according to another embodiment of the present invention; 

Fig. 2C is a diagrammatic section view of the memory device according to Fig. 1 taken 
along line A-A according to another embodiment of the present invention; 
15 Fig. 2D is a diagrammatic section view of the memory device according to Fig. 1 taken 

along line A-A according to another embodiment of the present invention; 

Fig. 3 is a diagrammatic cross section view of the memory device according to Fig. 1 
taken along line B-B according to one embodiment of the present invention; 

Fig. 4 A is a diagrammatic section view of the memory device of Figs. 1 and 2 A taken 
20 along line C-C of Fig. 1 according to one embodiment of the present invention; 

Fig. 4B is a diagrammatic section view of the memory device of Figs. 1 and 2B taken 
along line C-C of Fig. 1 according to one embodiment of the present invention; 

Fig. 4C is a diagrammatic section view of the memory device of Figs. 1 and 2C taken 
along line C-C of Fig. 1 according to one embodiment of the present invention; 
25 Fig. 4D is a diagrammatic section view of the memory device of Figs. 1 and 2D taken 

along line C-C of Fig. 1 according to one embodiment of the present invention; 

Fig. 5 is a diagrammatic section view of a memory device according to one embodiment 
of the present invention illustrating a memory cell pair; 

Fig. 6 is a schematic top view of a portion of a memory device with a trench bit line and a 
30 bit line contact termination according to one embodiment of the present invention; 
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Fig. 7 is a flow chart of a method of forming a buried bit line according to one 
embodiment of the present invention; and 

Fig. 8 is a schematic illustration of a computer system incorporating a memory device 
according to one embodiment of the present invention. 

5 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
In the following detailed description of the preferred embodiments, reference is made to 
the accompanying drawings that form a part hereof, and in which is shown by way of illustration, 
and not by way of limitation, specific preferred embodiments in which the invention may be 
10 practiced. It is to be understood that other embodiments may be utilized and that logical, 

mechanical and electrical changes may be made without departing from the spirit and scope of 
the present invention. 



Preliminarily, the process steps and structures described herein do not form a complete 
15 process flow for manufacturing integrated circuits. Rather, the present invention can be 

practiced in conjunction with a variety of integrated circuit fabrication techniques, including 
those techniques currently known or used in the art. As such, not all commonly practiced 
process steps are disclosed herein. Certain commonly practiced process steps are included in the 
description herein for example, to provide contextual reference, for illustrative or exemplary 
20 purposes, or as is necessary for an understanding of the present invention. 

Also, as used herein, the formation of a layer or region "over" a substrate or other layer 
refers to formation above, or in contact with, a surface of the substrate or layer. For example, 
where it is noted or recited that an insulating layer is formed over a substrate, it is contemplated 
25 that intervening structural layers may optionally be present between the insulating layer and the 
substrate. 



It will be appreciated that the construction of a 6F 2 memory device discussed with 
reference to the Figures herein is for the purpose of facilitating discussion of the present 
30 invention. It is not limiting in the manner or application of the various embodiments of the 
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present invention herein. It will also be appreciated that at times, the description herein will refer 
to various formations including for example, wells, regions and devices as being either a first 
type or a second type. The designation of a first type and a second type is used to merely 
differentiate the structures being discussed. For example, a first type structure may comprise an 
5 N-type structure and a second type structure may comprise a P-type structure. Likewise, a first 
type structure may comprise a P-type structure and a second type structure may comprise an N- 
type structure. 

Referring initially to Fig. 1, a top view of a portion of a 6F 2 memory array 100 according 
10 to one embodiment of the present invention is illustrated. The memory array 100 includes a base 
substrate 102 having a plurality of strips of active area 106. Each strip of active area 106 is 
suitably doped to define a plurality of source/drain regions 150 separated by channel regions 
151. In Fig. 1, the source/drain regions 150 are formed in the strips of active area 106 adjacent 
to the word lines 134W and isolation device 1341. The channel regions 151 are formed in the 
15 strips of active area 106 underneath the word line 134W and the isolation device 1341. 

Isolation regions 104 are formed as elongate trenches or strips of isolation generally 
parallel to and along side the strips of active area 106 such that there is an isolation region 104 
spaced between adjacent strips of active area 106. A bit line 120 is recessed within each 
isolation region 104 and is thus illustrated with dashed lines to indicate that each bit line 120 is 
20 buried below the surface of the base substrate 102. A bit line contact strap 154 electrically 
couples a select one of the bit lines 120 to an associated source/drain region 150 within a 
corresponding strip of active area 106. 

Word lines 134W having side spacers 146 thereabout are formed over the base substrate 
102 and are aligned generally perpendicular to the strips of active area 106. As shown, each 
25 word line 134W crosses and is electrically coupled to an associated channel region 151 of each 
strip of active area 106 in the memory array 100. The word lines 134W thus define transistor 
gates. A plurality of charge storage devices also referred to herein as storage node capacitors 
158 are also formed over the base substrate 102. One capacitor 158 is coupled to an associated 
source/drain region 150 within a corresponding strip of active area 106. Each capacitor 158 also 
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has a common node connected to a cell plate common node voltage such as Vcc/2. 

The memory array 100 is arranged as a plurality of memory cell pairs 101 . Each memory 
cell pair 101 is made up of two memory cells 103. Each memory cell 103 in a memory cell pair 
101 includes a capacitor 150 and a cell transistor defined by channel region 151 and the 
5 corresponding source/drain regions 1 50 located generally adjacent to the associated channel 
region 151. Each memory cell 103 in a memory cell pair 101 shares a common source/drain 
region 150 and bit line contact strap 154. 

As memory cells are packed more densely together, it becomes advantageous to provide 
isolation between memory cell pairs to prevent leakage and other interference between adjacent 

10 memory cells. Any manner can be used to provide suitable isolation. For example, islands of 
isolation can be formed between adjacent memory cells. Another approach is illustrated in Fig. 
1. As shown, a grounded gate structure also referred to herein as isolation device 1341 is 
positioned between memory cells 103 of two adjacent memory cell pairs 101. The isolation 
device 1341 resembles a word line 134W and can be fabricated in the same processing steps used 

15 to form the word lines 134W. Each transistor defined by the isolation device 1341 is thus 
referred to herein as an isolation transistor 135 to be distinguished from cell transistors of 
memory cells 103. 

Each isolation transistor 135 is defined generally along the intersection of the isolation 
device 134W and each strip of active area 106. Each isolation transistor 135 has a first and 
20 second source/drain region. Each of the first and second source/drain regions is shared with an 
associated source/drain region 150 coupled to a capacitor 158 in adjacent memory cell pairs 101. 
The channel regions 151 of the isolation transistors 135 are coupled to a conductive line that is 
tied to a reference voltage biased to turn the isolation transistors off. Typically, this is 
accomplished by tying the reference voltage to zero volts or ground potential. 

25 The isolation transistors 135 eliminate one and two dimensional encroachment problems 

associated with normal isolation processes. Furthermore, many photolithography problems are 
eliminated from the DRAM process as a result of the straight, simple design of both the active 
area and polysilicon in the memory cell. However, it is possible for the isolation transistor 135 
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to suffer from slight to extreme subthreshold leakage (subVt). The subthreshold leakage can 
cause data to become corrupted in one or even both of the adjacent memory cells 103. 
Accordingly, reference voltages other than ground potential may also be used. For example, the 
isolation transistors 135 can be turned off "harder" to help turn off the subthreshold leakage path 
5 by setting the reference voltage coupled to the gate to a voltage more negative than ground. For 
example, a reference voltage generally around -0.2 volts to -0.5 volts may be used as an 
alternative to the ground potential. Another technique to turn off this isolation gate is by using a 
p+ doped gate over the isolation device, thus the work function difference will increase the 
threshold voltage. 

10 Fabrication of a Trench Bit Line 

Referring to Fig. 2 A, a 6F 2 memory array 100 according to one embodiment of the 
present invention is formed in a base substrate 102. The base substrate 102 may comprise any 
semiconductor material or combination of materials as is known in the art. For example, the 
base substrate 102 may comprise doped or undoped silicon (Si), gallium arsenide (GaAs) or 
15 other semiconductor materials such as InP, CdS, or CdTe. The base substrate 102 may also 
comprise silicon on insulator (SOI) or silicon on sapphire (SOS) structures. 

Referring briefly to Fig. 2B, the base substrate 102 according to another embodiment of 
the present invention is formed from a composite of several layers of material. For example, the 
base substrate 102 is formed from a first base layer 102E and a second base layer 102B. The 
20 first base layer 102E is an appropriately doped epitaxial layer. As shown, the epitaxial layer is 
doped with a P-type material. The second base layer 102B is formed from a semiconductor 
material such as a P+ doped semiconductor material. 

Referring briefly to Fig. 2C, the base substrate 102 according to another embodiment of 
the present invention includes a buried layer 102C formed such as by diffusion or ion 
25 implantation. For example, a heavily doped N-type layer may be formed by doping the buried 
layer 1 02C with an impurity such as arsenic. Alternatively, a heavily doped P-type layer may be 
formed by doping the buried layer 102C with an impurity such as boron. After forming the 



7 



Attorney Docket MIO 0100 VA/40509.274/01-1043.01 



buried layer 102C, a continuous epitaxial layer 102E is formed across the top surface over the 
buried layer 102C. 

Referring briefly to Fig. 2D, the base substrate 102 according to another embodiment of 
the present invention is formed from a silicon layer over an insulating layer. For example, the 
5 base substrate 102 can include an oxide or insulator under silicon structure, buried oxide, or 
silicon on insulator structure. Under this arrangement, the base substrate 102 is formed from an 
insulating layer sandwiched between layers of semiconductor material. For example, the base 
substrate 102 is formed from a first base layer 102E and a second base layer 102F and a third 
base layer 102G. The first base layer 102E is formed from an appropriately doped epitaxial 
10 layer. As shown, the epitaxial layer is doped with a P-type material. The second base layer 

102F is formed from a layer of insulating material, and the third base layer 102G is formed from 
a layer of semiconductor material. 

Referring back to Fig. 2 A, a plurality of isolation regions 104 are formed in the base 
substrate 102 near strips or regions on the surface of the base substrate 102 designated for active 
15 area 106. Each isolation region 104 includes a shallow trench isolation (STI) region as 

illustrated. The STI regions may be fabricated using any number of techniques. For example, 
using photolithography and etching, a mask is arranged to define each isolation region 104 as a 
trench 108 aligned generally parallel to the strips of designated for active area 106. While STI is 
shown, any trench forming techniques may be practiced with the present invention. 

20 

The walls 1 10 of the trenches 108 are substantially vertical as shown and may be formed 
using techniques such as anisotropic reactive ion etching. Other etching techniques may be used 
to form sloped or tapered sidewalls should an application dictate. Preferably, the trenches 108 
are etched to a depth greater than twice the minimum realizable feature size. For example, 
25 according to one embodiment of the present invention, the trenches 108 are etched into the base 
substrate 102 to a depth of approximately three to four times the minimum realizable feature 
size. 
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Where the base substrate 102 includes a multilayer structure, the trenches 108 preferably 
extend through multiple layers. For example, referring to Fig. 2B, each trench 108 recesses 
through the first base layer (epitaxial layer) 102E and extends into the second base layer 102B. 
Similarly, referring to Fig. 2C, each trench 108 preferably extends through the epitaxial layer 
5 102E and into the buried layer 102C. Likewise, as shown in Fig. 2D, each trench 108 extends 
through the epitaxial layer 102E and into the second base layer 102F of insulating material. 
Preferably, each trench 108 stops short of extending entirely through the second base layer 102F. 

Referring back to Fig. 2 A, each trench 108 includes a spacer 1 12 that insulates and lines 
10 at least a substantial portion of the trenches 108. For example, the spacer 112 according to one 
embodiment of the present invention includes a first insulating layer 1 14 and a second insulating 
layer 1 16. According to one embodiment of the present invention, a thermal oxidation process is 
used to grow the first insulating layer 1 14 along the sidewalls and floor of the trenches 108 to a 
thickness of approximately 40-80 angstroms. The second insulating layer 1 16 is then formed by 
1 5 depositing an oxide layer over the first insulating layer 1 1 4 to a thickness of approximately 1 70- 
210 Angstroms. The total thickness of the first insulating layer 1 14 and the second insulating 
layer 1 16is preferably approximately X A the minimum realizable feature size. For example, 
according to one embodiment of the present invention, the total spacer thickness is 
approximately 250 Angstroms for a trench opening of 1,000 Angstroms. 

20 

An optional third insulating layer 118 may be formed by depositing a nitride liner over 
the second insulating layer 1 16 to a thickness of approximately 40-60 angstrom. The third 
insulating layer 118 may be omitted for example, if the first and second insulating layers 1 14, 
1 16 are formed to a suitable thickness. Also, constraints on the thickness of the spacer 1 12 
25 lining each trench 108 is relieved where the trench extends into an insulator layer such as the 
base substrate 102 shown with reference to Fig. 2D herein. Also, where the spacer 1 12 can be 
made relatively thinner, such as where the trench is formed in an insulating layer as shown in 
Fig. 2D, the trench filling aspect ratio is relatively lower than that possible with a thicker spacer 
1 12 in a corresponding trench 108. With a lower aspect ratio, the conductivity of the bit line 120 
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is generally better for a given height of the conductor. For example, with reference to Fig. 2D, 
the spacer 1 12 has a total thickness of approximately 100 Angstroms. 

Other techniques may be used to form the spacers 112. For example, oxides may be 
5 introduced into the trenches such as by low-pressure chemical vapor deposition (LPCVD), 
plasma enhanced chemical vapor deposition (PECVD), high density plasma (HDP) or high 
pressure oxidation (HIPOX) procedures. Chemical mechanical polishing (CMP) and etching 
procedures are then used to remove unwanted regions of the oxide. The trenches 108 may 
contain additional layers or have a geometry that differs from that shown in the Figures 
10 depending upon the isolation characteristics desired for a specific application. 

A conductive line is then formed within each trench 108 defining trench buried bit lines 
120. Any conventional conductive material may be used to form the bit lines 120 including 
materials such as titanium nitride, titanium silicide, tungsten, tungsten nitride and refractory 

15 metal silicides. The conductive line may also be formed by first depositing a barrier layer such 
as TiN or WNx followed by a silicide or a refractory metal such as W, Mo. For example, a first 
layer comprising sputtered titanium nitride is formed within each trench 108 over the spacer 
layer 1 12. A second layer is formed over the first layer using a technique such as chemical vapor 
deposition to deposit a conductive material such as tungsten or tungsten silicide. An optional 

20 third layer of titanium nitride polysilicon, silicon dioxide, or tungsten silicide may be formed 
over the second layer. While any conductive material may be used to form bit lines 120, a 
conductive material with a relatively high melting temperature such as a tungsten-based material 
including for example, tungsten/titanium nitride or tungsten/tungsten nitride is preferred. 

According to one embodiment of the present invention, the bit line 120 includes a layer 

25 of either titanium nitride or tungsten nitride deposited in the trenches 108. A layer of tungsten is 

formed over the titanium nitride using a conventional process such as chemical vapor deposition. 

Chemical depositing methods typically achieve good conformality and tungsten provides good 

conductivity for a low resistance bit line. A chemical mechanical polish of the tungsten is then 

performed to planarized the bit line 120 and an etching process is used to recess the bit line 120 

30 such that the uppermost surface 120A of the bit line 120 is recessed below the uppermost surface 
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102 A of the base substrate 102. For example, unwanted portions of the bit line 120 may be 
removed using a chemical etching process such as ammonium peroxide mixture (APM). Etching 
in APM allows control of the etch rate, for example, by modifying the etch recipe to change the 
medium concentration, etch temperature, or combinations thereof. Other etching processes such 
5 as a sulfuric acid etch with hydrogen peroxide, known in the industry as Piranha etch, may also 
be used. 

After etching back tungsten to recess the bit lines 120 below the uppermost surface 102 A 
of the base substrate 102, an insulator capping layer 122 is formed within the trenches 108 and 
over the bit lines 120. For example, a first capping layer 124 such as nitride is deposited over the 

10 bit line 120. For example a layer of nitride is formed to a thickness of approximately 50-100 
angstroms using a technique such as PECVD. Nitride is optional, but preferred, to protect the 
tungsten bit line 120 from being oxidized by subsequent thermal processes. The trench 108 is 
then capped off with a dielectric capping layer 126. For example, high-density plasma (HDP) 
may be used to cap off and top each trench 108. Other processing techniques may also be used 

15 to fill the trench 108. For example, a gap fill followed by a CMP process may be used. The 
dielectric capping layer 126 can also comprise other insulating materials including for example, 
TEOS, PSG, BSG, BPSG. 

Where the base substrate 102 includes a multilayer structure, the bit lines 120 are 
preferably buried below the first or uppermost layer. For example, referring to Fig. 2B, the bit 

20 lines 120 are recessed below the epitaxial layer 102E and into the second base layer 102B. 

Similarly, referring to Fig. 2C, the bit lines 120 are recessed below the epitaxial layer 102E and 
are buried substantially in the buried layer 102C. Referring to Fig. 2D, the bit lines 120 are 
buried into the second base layer 102F. The uppermost surface 120 A of the bit lines 120 
preferably lie at or below the uppermost surface of the second base layer 102F. This 

25 arrangement provides good isolation because the conductive bit lines 120 are surrounded by 
oxide thus providing good isolation. The bit line 120 according to this embodiment of the 
present invention exhibits relatively lower digit capacitance since an insulator surrounds the bit 
lines 120. While bit line to bit line coupling may be more pronounced in this embodiment of the 
present invention as compared to other structures disclosed herein, such as the N+ buried layer 
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shown 102C in Fig. 2C, however, such effects can be offset by an overall healthier sensing 
signal. 

Referring back to Fig. 2 A, a plurality of wells 128 are formed in the base substrate 102. 
For example, a plurality of P-type retrograde wells are formed in the base substrate defining the 
5 areas of the base substrate for the strips of active area 106. Well formation is preferably 
performed after forming the isolation regions 104, but may be performed prior thereto or 
concomitantly therewith. For example, if the isolation regions 104 are formed using STI 
techniques, well ion implants may be optionally embedded into the base substrate 102 through 
the trenches 108 prior to forming the spacers 112. One manner of forming P-type wells is to 
10 implant a P-type dopant into the base substrate 102. The P-type dopant may include for 
example, a trivalent element such as boron or BF2. Other implants may also optionally be 
performed after formation of the wells. For example, voltage threshold adjustment implants and 
punch through implants may be performed. 

15 Although retrograde wells are shown in the Figures herein, other well formation 

techniques may be used to form wells compatible with the various embodiments of the present 
invention. For example, diffusion wells may be used in conjunction with, or in lieu of the 
retrograde wells shown. The specific application will dictate the techniques used to form the 
wells. Diffusion or other well forming techniques may also be formed prior to, subsequent to, or 

20 concomitantly with the formation of the isolation regions 104. For example, where the base 
substrate 102 includes a multilayer structure such as that illustrated with respect to Figs. 2B, 2C 
and 2D, the wells 128 are preferably formed in the uppermost layer, or epitaxial layer 102E. 

Referring to Fig 2 A, the trenched bit lines 120 are surrounded by silicon substrate. 
25 During operation, the bit lines 120 will swing between logic level 0 and logic level 1 as 

information is conveyed therealong. Logic states are typically represented by nominal voltages 0 
volts and Vcc volts respectively. The voltage levels on the bit lines 120 may turn on the 
sidewalls of near access devices. To prevent any devices from being inadvertently turned on by 
the bit lines 120, the wells 128 are preferably provided with a dopant 130. Specifically, the side 
30 walls 132 of the wells 128 are doped at least adjacent to the bit line 120 buried in the trench 108. 
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For example, a P-type impurity such as boron is doped into the base substrate 102 in a 
concentration that is sufficiently high to prevent inversion thus affecting cell to cell leakage. The 
dopant 130 can be implanted at the same time the well 128 is formed. 

5 Referring to Fig. 2B, where the second base layer 102B includes a semiconductor 

material, a doping processes similar to that discussed with reference to Fig. 2A may be required. 
With reference to Fig. 2C, the bit line 120 is surrounded by the buried layer 102C which is 
already heavily doped (biased) and as such, no further doping may be required. Also, with 
reference to Fig. 2D, the second base layer 102F is an insulating layer and as such, the doping 
10 may be omitted. 

Referring back to Fig. 2 A, conductive line stacks 134 are formed over the base substrate 
102 in a direction generally perpendicular to the bit lines 120 using conventional techniques. For 
example, the conductive lines comprise a gate oxide 136, a polysilicon gate layer 138, a 
1 5 conductive layer 140 such as tungsten, tungsten nitride or other conductive material and an 
insulating layer 142. 

Referring to Fig. 3, the conductive line stacks 134 define either word lines 134W or 
isolation devices 1341. The general construction of word lines 134W and isolation devices 1341 
are essentially identical however, the isolation devices 1341 are terminated by a reference voltage 

20 such as ground potential. The gate oxide 136 may be grown by thermal oxidation of the base 
substrate 102, or the gate oxide 136 may be formed by other conventional techniques such as 
chemical vapor deposition (CVD). It will be appreciated that when growing the gate oxide 136, 
the oxide will form on any exposed silicon surface, thus removal of portions of the gate oxide 
136 from the surface of the base substrate 102 may be required as the specific application 

25 dictates. 

The polysilicon gate layer 138 may be formed using any number of processing 
techniques including LPCVD. An optional doping of the polysilicon gate layer 138 may be 
performed to enhance gate performance. For example, the polysilicon gate layer 138 may be 
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doped with a P-type impurity such as Boron. After the appropriate ion implants the polysilicon 
gate layer 50 may optionally be annealed. 

It may be desirable to reduce channel resistance or increase speed parameters of various 
devices being fabricated. As shown, an ion implant is used to form optional lightly doped drain 
5 regions (LDD) 144. Alternatively, modern drain extension techniques including laterally abrupt 
extension formations may be used. Each conductive line stack 134 acts as a mask for the implant 
process, thus the LDD regions 144 "self align" with the conductive line stacks 134. The LDD 
regions 144 are preferably shallow in the vertical direction to prevent punch through effects 
when the device is off. 

10 

A spacer layer is formed over the base substrate 102 and etched back defining side 
spacers 146 about the conductive line stacks subsequent to forming the LDD regions 144. For 
example, a generally conformal spacer layer such as oxide or nitride may be deposited using a 
chemical vapor deposition (CVD) process. Portions of the spacer layer are then removed to 
15 define side spacers 146 against the vertical walls of the conductive line stacks 134. The side 
spacers 146 may have upper edges that are rounded or curved and may be formed for example, 
by applying a directed reactive ion beam etch downwardly onto the substrate. It shall be 
appreciated that other anisotropic etch processing techniques may also be used. 

20 After forming the side spacers 146, a further ion implantation is optionally performed to 

further define the source/drain regions for each conductive line stack 134. The ion implant is at a 
higher concentration and energy than that used to form the LDD regions 144 thus the doped 
regions 148 are illustrated as having a deeper penetration into the base substrate 102 adjacent to 
the portion of the LDD regions 144 underneath the side spacers 146. The LDD regions 144 and 

25 the doped regions 1 48 jointly define the doped source/drain regions 150. 

It will be appreciated that depending upon the intended application, one or both of the 
implant steps used to form the source/drain regions 150 may be eliminated from the 
manufacturing steps. It will further be appreciated that the source/drain regions 150 may be 
30 implanted during other processing steps. Also, the type of implant used to define the 
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source/drain regions 150 will depend upon the type of well formed. For example, where the well 
is a P-type well, the source/drain regions 150 may be formed from an N-type dopant such as 
phosphorous or arsenic. Other types of implants such as halo implants may also optionally be 
performed at this time. 

5 

Once all of the ion implants have been performed, the memory device 100 may be 
annealed if necessary, to activate the various dopants and the ion implants heretofore discussed. 
The anneal process may also help remove some damage caused to the substrate 102 as the ions 
that have been implanted impregnate the base substrate 102. For example, a rapid thermal 
10 anneal (RTA) process or other processing techniques may be used as the technology allows and 
the application dictates. 

Also, after the formation of the word line stack, a source/drain region re-oxidation 
process is typically performed to repair damage that occurs to the gate oxide near the corners of 
the source/drain regions as a result of etching the word lines. However, during re-oxidation, 
15 exposed tungsten is converted to tungsten trioxide gas in the presence of oxygen. Sublimation of 
tungsten is not self-limiting, thus the electrical performance of the tungsten may be degraded. 
As such, a selective oxidation is used for re-oxidation with the tungsten (W) side wall exposed. 

Also, high temperature anneal and other processing steps may cause thermal expansion of 
the bit lines 120 buried in the trenches. Thermal expansion and other potentially adverse effects 
20 caused by high temperature processing may lead to defective formation of memory cells. Also, 
during fabrication, there may be concern over gate oxide integrity. One way to reduce the 
likelihood of damage to the memory cells is to use low temperature processing. The gate 
oxide/poly may be formed before isolation. Further, selective oxidation, such as that used for 
forming tungsten word lines may be used. 

25 As packing density increases, effects such as Gate-Induced Drain Leakage (GIDL) may 

require attention. One approach to reduce GIDL problems according to the present invention is 
to ensure that the bit line 120 is recessed below the uppermost surface 102 A of the base substrate 
102 a sufficient distance. A method of reducing GIDL according to one embodiment of the 
present invention is to recess the bit line 120 by a distance at least as great as the sum of a 
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storage node junction depth Dl plus a depletion width D2. The storage node junction depth Dl 
will vary depending upon the doping characteristics of the memory device 100. As illustrated, 
the storage node junction depth is determined from the penetration depth of the source/drain 
regions 150. The depletion width D2 will be determined upon a number of factors including for 
5 example, the base substrate material and doping concentrations of the substrate and the storage 
source/drain regions 150 defining the storage node junction. For example, the depletion width 
typically extends deeper into the more lightly doped material. 

The depth that the bit line 120 is recessed below the uppermost surface 102 A of the base 
substrate 102 can be relieved if the spacer 1 12 is sufficiently thick. An alternative is to form the 
10 bit lines 120 in the insulating layer of a silicon on insulator structure (SOI) such as that shown in 
Fig. 2D. 

Contact openings 152 are made through the base substrate 102 to the bit line 120 and 
conductive bit line straps 154 are provided to couple the bit line 120 to source/drain regions 150. 
The contact openings 152 may be formed using any number of techniques. For example, 

15 according to one embodiment of the present invention, a self-aligned contact etch is performed. 
Basically, a first etch is performed using a chemistry, such as a C x F y (x>l), or other chemistry 
that can etch at least partially through doped oxide. The first chemistry should have good 
selectivity to silicon nitride that forms the silicon nitride spacers on the conductive line stacks 
134. The first chemistry should also have poor selectivity to isolation regions, thus the etch is 

20 performed through any oxide layers over the base substrate and preferably extends into the 
trenches. To complete the formation of the contact, a second etch having for example, a 
hydrogen containing fluorocarbon chemistry is used to open up a connection to the bit line 120. 
For example, a high density plasma (HDP) etcher, reactive ion etcher (RIE), or magnetically 
enhanced reactive ion etcher (MERIE) may be used to perform the self-aligned contact etch. 

25 

Referring to Figs. 4A-4D generally, a conductive bit line contact strap 154 is formed to 
electrically couple the bit lines 120 to their corresponding memory cells. Initially, a portion of 
the spacer 1 12 is removed from the side wall of the trench 108 adjacent to the associated 
source/drain region 150 of active area for the memory cells that a bit line 120 will electrically 
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couple to. The conductive bit line contact strap 154 extends from the bit line 120 and contacts 
the active area on the base substrate. As illustrated, the conductive bit line contact strap 154 
extends substantially vertically from the bit line 120 and contacts a first portion 150A of the 
source/drain region 150 along a vertical dimension, then folds over to contact the source/drain 
5 region 150 in a second portion 150B along the uppermost surface 102 A of the base substrate 
102. 

Although the conductive bit line contact strap 154 contacts on the top surface and side 
wall of the active area, the conductive bit line contact strap 154 does not contact the 

10 semiconductor channel. For example, as shown in Fig. 4A, the conductive bit line contact strap 
154 contacts the top surface and side wall of the N+ active area (source/drain region 150). 
However, the spacer 1 12 of each trench 108 isolates the conductive bit line contact strap 154 
from contacting the P-type channel formed in the wells 128 thus preventing a shorting of the bit 
line contact junction. The conductive bit line contact strap 154 is also preferably positioned 

15 further away from adjacent unrelated nodes. Also, referring to Fig. 4D, the problem of substrate 
coupling is eliminated by the second base layer 102F (SOI buried insulator layer). In this 
embodiment, the bit line to Bit line capacitive coupling is increased. 

The conductive bit line contact strap 154 may comprise doped polysilicon, tungsten, or 
20 any other conductive material including those discussed with reference to the formation of the bit 
line 120. For example, TiN/W, TiSi or CoSi each have relatively low contact resistance but may 
not be stable for subsequent high temperature processes. As such where TiN/W, TiSi or CoSi 
are used to form the conductive bit line contact strap 154, lower back end processing may be 
required. As shown in Fig. 1, adjacent memory cells 103 of a memory cell pair 101 share a 
25 common source/drain region 150. Accordingly, a single bit line contact strap 154 electrically 
couples the common source/drain region 150 of two memory cells to an associated bit line 
adjacent thereto. According to one embodiment of the present invention, the conductive bit line 
contact straps 154 are formed by photo patterning such that the bit line contact to any adjacent 
non-related node is at least one registration tolerance away. 

30 

17 
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The absence of vias for the bit lines (because the bit lines are buried in trenches in the 
base substrate) allows more area for the formation of capacitors. This arrangement may be used 
to realize larger capacitors and hence increased capacitance and allowing for greater refresh 
times, a reduction in the overall size of the memory device or a combination of the two. 
Equivalently, for a given memory cell size, the overall stack height for cell capacitors and 
contacts is reduced, thus simplifying the fabrication processes. 

Referring to Fig. 5, standard processing techniques are used to construct the remainder of 
the elements of the memory device. For example, a first dielectric layer 156 such as a conformal 
tetraethyloxysilicate (TEOS), oxide, or nitride layer is deposited over the memory device 100. 
Capacitors 158 are then formed over the base substrate 102. For example, a first conductive 
capacitor plate layer 160 is formed over the first dielectric layer and is electrically coupled to 
associated source/drain regions 150. As shown, the first conductive capacitor plate layer 160 is 
formed from a rugged or roughed conductive material such as a hemispherically grained (HSG) 
polysilicon material, but other suitable conductive materials may also be used. A thin capacitor 
insulating layer 162 is conformally formed over the first conductive capacitor plate layer 160 and 
a second conductive capacitor plate layer 164 is formed over the capacitor insulating layer 162. 
A second dielectric layer 166 is deposited over the entire structure. 

It shall be appreciated that additional processing steps may be performed to connect the 
circuit elements and layers of metallization. For example, back end of line wiring (BEOL) may 
be used to ground the isolation devices and perform any other miscellaneous operations. The 
BEOL wiring completes the circuits designed within the integrated circuit device. Any other 
semiconductor fabrication techniques may also be employed as is known in the art to complete 
the desired structure. 

For example, referring to Fig. 6,strips of active area 106 are positioned generally in 
parallel with isolation regions 104 having bit lines 120 buried therein. Word lines 134W and 
isolation devices 1341 run generally perpendicular to the strips of active area 106 and 
corresponding bit lines 120. Each of the isolation regions 104 have associated therewith, a 



18 



Attorney Docket MIO 0100 VA/40509.274/01-1043.01 



contact region 104 A positioned on one end thereof. The bit lines 120 enter into the contact 
regions 104 A and form associated conductive pads 120A therein for terminating to other devices, 
wiring, or other circuits. For example, an electrically conductive contact makes ohmic contact to 
an associated conductive pad 120A of a bit line 104. 

Referring to Fig. 7, a method 200 for forming a buried bit line according to one 
embodiment of the present invention is summarized. A plurality of trenches are formed in a base 
substrate at step 202. An oxide layer is formed in each trench so as to form a liner over the walls 
of the trench at step 204. The oxide layer may be formed from one or more separate oxide 
processing techniques. A nitride liner is then formed over the oxide layer at step 206 such that a 
trench spacer is defined by the combination of the oxide and the nitride layers. A conductive 
layer is formed in each trench to define bit lines at step 208. A etching processes is performed to 
recess the bit line below the surface of the base substrate at step 210 and a dielectric capping 
layer is formed over the trench so as to cover and isolate the bit lines at step 212. 

A portion of the trench spacer is removed exposing an active area of the base substrate 
and a conductive bit line contact strap is formed coupling the bit line to an active area portion of 
the base substrate. The bit line contact strap is coupled to the base substrate both vertically 
where the trench spacer has been removed and on the surface of the base substrate at step 214. 
Remaining structure formation including for example, the formation of word lines, capacitors, 
layers of metallization and wiring are performed at step 216 to complete the memory device. 

Referring to Fig. 8, a memory device according to the present invention can be used in 
computing device. As illustrated, a computing device 300 includes a processor 302 
communicably coupled to a memory device 304 constructed according to the present invention 
and having trench buried bit lines. The processor is further communicably coupled to input 
devices 306, output devices 308 and data storage devices 310. 
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Having described the invention in detail and by reference to preferred embodiments 
thereof, it will be apparent that modifications and variations are possible without departing from 
the scope of the invention defined in the appended claims. 

5 What is claimed is: 



20 



